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Locust  Control 


PREFACE 


India  like  many  other  countries  has  been  from  times 
immemorial  subject  to  locust  invasions  which  cause  immense 
damage  to  all  kinds  of  crops,  forests,  fodders,  in  fact  any  green 
vegetation  available,  sometimes  resulting  in  famines  and  severe 
mortality  amongst  livestock  due  to  food  shortage.  The  locust 
is  one  of  the  oldest  enemies  of  mankind. 

There  are  several  kinds  of  locusts  in  the  world  of  which 
three  occur  in  India,  the  Desert  locust  being  the,  most  important. 
This  locust  is  an  international  pest,  as  its  swarms  are  found  in 
India,  Pakistan,  Afghanistan,  Arabia,  Persia,  Iraq,  southern 
U.S.S.R.,  North,  East  and  West  Africa,  etc.  The  locust  plagues 
occur  in  cycles.  The  duration  of  a  cycle  is  variable,  so  is  the 
period  between  any  two  cycles.  India  has  suffered  from  four 
locust  cycle  in  the  present  century,  the  most  recent  cycle  was 
in  progress  from  1940  to  1946.  A  fresh  cycle  started  last  year 
in  1949. 

In  view  of  India’s  food  situation,  the  locust  epidemic  at 
this  time  is  full  of  evil  potentialities.  If  it  is  not  controlled 
in  time,  it  may  undo  the  work  of  millions  of  Indian  farmers 
and  all  State  administrations  engaged  in  the  production  of  food. 
Our  cash  crops  like  cotton  and  jute  and  valuable  forest  trees 
will  also  be  in  danger.  In  a  popular  folder  in  Hindi  entitled 
Plant  Protection  Advisory  Pamphlet  No.  5,’  recently  issued  by 
the  Ministry  of  Agriculture,  suitable  anti-locust  measures  have 
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been  described  chiefly  for  the  guidance  of  village  officers  and 
villagers.  In  this  brochure  the  locust  problem  and  the 
measures  necessary  for  locust  control  under  different  con¬ 
ditions  are  described  in  a  more  comprehensive  manner  and  it 
is  hoped  that  the  publication  will  be  useful  to  Entomologists 
and  other  officers  in  charge  of  anti-locust  organizations.  It 
may  be  stated  that  methods  adopted  for  locust  control  vary  in 
different  countries  depending  on  local  conditions.  In  this 
brochure  only  those  methods  are  described  in  detail  'which  have 
proved  effective  and  practicable  for  large-scale  application 
under  Indian  conditions.  Even  in  different  regions  of  the  same 
country,  methods  will  vary  depending  on  circumstances.  The 
description  of  all  practicable  methods  is  therefore  essential  to 
enable  the  officers  in  charge  of  control  operations  to  select 
control  measures  according  to  supply  position  of  various  types 
of  equipment  and  other  conditions.  Further  information  or 
details  of  any  method  will  be  gladly  given  by  the  undersigned 

if  required. 

HEM  SINGH  PRUTHI, 

Ph.  D.  &  Sc.  D.  (Cantab). 

Dte.  of  Plant  Protection,  Director,  Locust  Control  and 

Quarantine  &  Storage,  Plant  Protection  Adviser  to  the 

Ministry  of  Agriculture,  Government  of  India, 

New  Delhi,  May,  1950. 
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THE  LOCUST  IN  INDIA  AND  ITS  CONTROL 


Introductory 

Three  species  of  locusts  are  found  in  India,  namely 
the  Bombay  locust  (Paianga  succincta  L.),  the  Migratory 
locust  {Lousta  migratoria  L.)  and  the  Desert  locust 
{Schistocerca  gregaria  Forsk.).  Of  these,  the  Desert 
locust  is  the  most  important.  There  are  very  few  records 
of  the  swarms  of  the  other  two,  particularly  of  the  Migra¬ 
tory  locust,  in  this  country.  This  brochure,  therefore, 
deals  with  the  Desert  locust  only. 

India  has  been  from  times  immemorial  subject  to 
periodical  visitations  of  locust  swarms,  which  devour  all 
varieties  of  agricultural  crops,  forests,  fodder,  etc.,  in 
fact  any  green  vegetation,  often  causing  heavy  losses 
sometime  resulting  in  famines  and  high  mortality  among 
livestock.  In  spite  of  some  expensive  control  measure 
taken,  damage  to  crops,  fodders,  etc.,  caused  by  the 
locust  during  the  1926-31  cycle,  at  a  conservative  esti¬ 
mate,  was  about  ten  crores  of  rupees.  The  consequen¬ 
tial  -loss  due  to  premature  death  of  cattle,  and  other 
livestock,  etc.,  is  incalculable. 
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Phases  and  Distribution 

Locust  is  found  in  two  phases — (i)  solitary,  when  it  is 
inactive  and  the  individual  locusts  live  scattered,  and  (ii) 
gregarious,  when  it  is  very  active,  the  individuals  tend  to 
remain  together,  breed  rapidly  and  form  swarms  which 
leave  the  breeding  grounds  and  invade  far  distant  tracts 
and  even  cross  many  countries.  In  addition  to  difference 
in  behaviour,  the  two  phases  can  generally  be  distin¬ 
guished  by  colour  and  some  anatomical  and  morphological 
features.  The  two  phases  run  into  each  other,  as.  there 

•  r 

are  some  individuals  which'  are  intermediate  in  habits  arid 
physique  and  are,  therefore  considered  to  be  in  transient 
phase.  In  the  solitary  phase,  the  locust  is  restricted  to 
desert  breeding  areas  which  in  India  are  in  Rajasthan, 
parts  of  Saurashtra  and  Baroda,  Ciitch,  Hissar  district  of 
the  Punjab  and  Mohindargarh  District  of  PEPSU,  etc. 
These  permanent  desert  homes  of  the  locust  contain  ‘out¬ 
break’  areas  where  the  locust  under  certain  conditions 
undergoes  changes  in  phase  (PL  I). 

The  Desert  locust  is  a  denizen  of  dry  grass  lands  or 
desert  and  is  found  in  many  countries  of  the  world. 
Its  belt  extends  from  Rajasthan,  etc.,  in  India  through 
Pakistan.  Arabia  and  other  Middle  East  countries  upto 
East  Africa,  Sudan  and  some  part  of  North  and  West 
Africa.  In  the  gregarious  phase,  the  area  of  its  activity 
is  still  more  extensive.  The  swarms  spread  to  southern 
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FIG,  1.  A  typical  des3rt  breeding  aera- 


FIG.  2.  A  fypical  outbreak  area  in  Rajasthan. 


Europe,  major  part  of  the  African  continent,  northern 
Persia,  Palestine,  southern  parts  of  U.S.S.R.,  Afghanistan, 
etc.  In  India  they  invade  whole  of  north-west  region, 
penetrating  the  hilly  tracts  in  the  north  and  sometimes 
reaching  Assam  in  the  east  and  Madras^  State  in  the  south. 
Wherever  conditions  are  found  suitable,  breeding  takes 
place  and  swarms  are  multiplied.  So  far,  however, 
breeding  has  not  been  recorded  beyond  the  western 
districts  of  U.P.  in  the  east  and  the  northern  borders  of 
Madhya  Pardesh  in  the  south.  Locust  swarms  have 
been  seen  1,200  miles  at  sea.  They  can  fly  straight  froui 
Arabian  coast  into  Saurashtra. 

The  characteristics  of  the  two  phases  of  the  locust  may 
he  briefly  described.  In  general,  the  colour  of  the  hoppers 
of  gregarious  phase  is  yellow  or  pink,  with  distinct  black 
markings.  The  solitary  hoppers  vary  in  colour  depend¬ 
ing  on  the  colour  of  the  surrounding  vegetation.  For 
example,  on  booJi^,  the  solitary  hoppers  assume  an  ashy 
hue  and  those  found  among  bajri^  or  wekra^  are  green. 
The  colour  of  the  freshly  developed  adults  or  fliers  of 
gregarious  phase  is  pink,  gradually  turning  to  grey  and 
becoming  yellow  when  sexually  mature,  unless  they  get 
scattered.  The  adults  of  the  solitary  phase  remain  grey 
throughout  their  life;  however,  if  they  get  crowded  the 
colour  turns  yellow. 

^  Arena  javanica.  *  Pennisetnm.  typhoideum.  »  indigofera  cardifoUa. 
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There  are  three  important  anatomical  features  which 

distinguish  the  two  phases.  In  the  gregarious  phase  the 

ratio  between  the  length  of  elytra  and  that  of  hind  femur 

is  over  2:15;  in  the  solitary  phase  this  ratio  is  about 

* 

2:05,  In  the  intermediate  specimens,  the  ratio  varies 
between  the  two  limits.  There  are  invariably  six  eye- 
stripes  in  the  gregarious  phase,  whereas  they  are  gene¬ 
rally  7,  sometime  6  and'  rarely  8  in  the  solitary  phase. 
Similarly,  whereas  in  the  gregarious  phase  the  number 
of  antennal  segments  is  26,  in  the  solitary  phase  it  is 
27-30. 

Periodicity  and  Duration  of  Locust  Cycles 

The  swarming  of  the  locust  occurs  in  cycles  which  are 
of  variable  duration  and  occur  at  irregular  intervals, 
mostly  depending  on  meteorological  conditions.  Authentic 
records  of  locust  cycles  in  India  are  available  only  since 
about  the  middle  of  the  19th  century.  There  were  four 
cycles  between  i860  and  i897>  viz.,  1863-67,  i869-73> 
1876-81  and  1889-98.  In  the  present  century  there  have 
been  so  far  four  distinct  cycles,  viz.,  in  1900-07,  1912-20, 
1926-31  and  i94^"4^‘  Sometime  locusts  became  suddenly 
active  during  the  intervals  between  the  various  cycles 
ilso  but  the  activity  was  of  short  duration  and  in  a  few 
isolated  localities  only.  In  the  case  of  India  such  locust 
activity,  intervening  between  the  various  cycles  is  on 
record.  Furthermore,  while  the  last  cycle  ended  in  India 
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in  1946,  in  some  other  countries  in  the  locust  belt  grega¬ 
rious  locusts  and  small  swarms  were  observed  in  1947  also. 
The  current  cycle,  the  fifth  during  this  century,  started 
earlv  in  1949  when  swarms  developed  again  in  southern 
and  south-eastern  parts  of  Arabia.  During  the  following 
spring  there  was  gregarious  breeding  in  Baluchistan. 
In  summer,  gregarious  locusts  migrated  into  Sind,  Khairpur 
Mirs,  Bahawalpur  and  Rajasthan  where  also  breeding  took 
place  and  a  number  of  small  swarms  developed.  During 
the  last  spring  (1950),  gregarious  breeding  was  in  pro¬ 
gress  in  Western  Pakistan,  southern  Iran  and  several 
countries  near  the  Red  Sea  coast,  etc.  About  the  middle 
of  May,  half  a  dozen  swarms  came  into  India  across  its 
western  borders. 

Breeding  Seasons  and  Migration  of  Swarms 

A  general  account  of  the  seasonal  migration  of  locusts 
may  be  given.  Locust  breeding  depends  very  much  on. 
rainfall  as  the  eggs  are  laid  in  sandy  soils  which  have 
sufficient  amount  of  moisture  for  the  proper  incubation 
and  hatching  of  the  eggs.  There  are  generally  two 
breeding  seasons  during  the  year — spring  and  monsoon. 
In  some  countries  in  the  '  locust  belt,  the  rainfall  is 
mostly  received  during  winter  and  early  spring,  e.g., 
south-eastern  Arabia,  Red  Sea  coastal  areas,  southern 
Iran,  Baluchistan,  etc.  In  such  areas  the  locust  breeds 


page  five 


in  the  spring  season  and  there  may  be  one  or  two  broods 
and  generations.  For  example,  in  Baluchistan  breeding 
starts  in  January  and  again  in  April.  In  countries  like 
India,  Anglo-Egyptian  Sudan,  etc.,  where  rainfall  is 
mostly  received  in  the  summer  and  monsoon  season, 
locust  also  generally  breeds  at  that  time  of  the  year. 

.  However,  when  there  is  spring  rainfall  and  the  soil  condi¬ 
tions  are  suitable  for  breeding,  as  often  is  the  case  in  the 
Punjabs  (P.  &  I.),  etc.,  breeding  takes  place  during  spring 
also  if  swarms  are  present. 

The  swarms  produced  during  spring  and  early  summer 
in  the  Middle  East  and  Baluchistan  (winter-rainfall 
countries)  usually  fly  eastwards  into  Sind,  the  Punjab, 
Rajasthan,  the  Uttar  Pradesh,  etc.,  during  May,  June  and 
July.  They  are  however  mostly  concentrated  in  Sind, 
Khairpur,  Bahawalpur  and  Rajasthan.  In  the  wake  of 
monsoon  rainfall  these  swarms  of  locusts  lay  eggs  and 
breed  upto  the  end  of  September,  and  even  October  and 
November  if  the  rainfall  continues  and  temp>erature  is  fair¬ 
ly  high  as  was  the  case  in  1949*  Thus,  as  in  the  spring  and 
early  summer  period  there  can  be  two  generations  during 
the  monsoon  also.  From  September  onwards  many  of  the 
new  swarms  produced  as  a  result  of  monsoon  breeding  fly 
westward,  into  Baluchistan,  Persia,  eastern  Arabia,  etc., 
where  they  breed  again  in  the  spring  of  the  year  follow¬ 
ing,  as  described  above.  However,  a  number  of  swarms 
developed  in  Rajasthan,  Sind,  etc.,  also  fly  m  the 
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FIG.  1.  Copulating  pair  of  locusts. 


FIG.  2.  Locust  as  food. 
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northern,  eastern  and  southern  directions  and  thus  in¬ 
vade  all  parts  of  India  and  damage  kharif  crops  over 
vast  areas.  However  they  do  not  breed  in  States 
beyond  the  U.P.  &  M.P.  and  die  off.  Some  swarms  can 
Qvcr- winter  in  Northern  India  and  when  conditions  are 
suitable  in  the  next  spring  they  breed  and  damage  rahi 
crops.  In  the  summer  they  are  joined  by  the  migrants 
from  Baluchistan  and  other  spring  breeding  areas.  Thus 
the  multiplication  of  swarms  continues  from  season  to 
season  and  year  to  year,  the  breeding  becoming  progres¬ 
sively  more  intense  and  extensive  and  the  cycle  gets  in  full 
swing.  When  conditions  either  in  the  spring  or  mon¬ 
soon  season  become  unfavourable  for  active  breeding,  or 
there  is  heavy  destruction  of  locusts  in  any  zone,  there  is  a 
break  in  the  activity  of  the  pest,  resulting  in  a  considerable 
decrease  in  the  number  and  size  of  swarms  and  general 
thinning  of  the  locust  population.  Ultimately  when  condi¬ 
tions  become  unfavourable  for  rapid  breeding  throughout 
a  year,  or  control  measures  are  successful  both  in  the 
spring  and  monsoon  breeding  areas,  locusts  get  scattered* 
and  revert  to  the  solitary  phase.  However,  even  in  the 
solitary  phase,  locusts  keep  on  breeding  on  a  negligible 
scale  and  undergo  like  the  swarms  seasonal  migrations  as 
scattered  locusts.  After  some  time  when  general  ecologi¬ 
cal  conditions  for  mass  multiplication  of  the  locusts  become 

again  suitable  in  any  part  of  the  belt,  there  is  an  outbreak 
of  a  fresh  cycle. 
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Life  History  of  the  Locust 

(Plate  III)  (to  face  p.  8) 

The  locust  passes  through  three  stages  in  its  life :  (i) 
the  egg,  (ii)  the  hopper,  and  (hi)  the  adult.  The  female 
locust  soon  after  pairing  (PL  II,  fig.  i)  lays  a  mass  of  50 
to  100  eggs  in  a  hole,  4  to  6  inches  deep,  drilled  by  herself 
in  moist  sandy  soil  (PI.  Ill,  figs.  2,  3  and  4).  After  lay¬ 
ing  the  eggs,  she  closes  the  mouth  of  the  hole  with  a 
frothy  liquid  which  ultimately  hardens  into  a  water¬ 
proof  plug.  Since  locusts  in  the  gregarious  phase  fly  or 
rest  together  in  swarms,  it  is  found  that  egg  masses  are 
generally  laid  very  close  to  one  another.  Eggs  generally 
hatch  in  3  to  4  weeks  in  spring  and  about  2  weeks  in 
summer.  The  young  locusts  that  emerge  from  the  eggs 
are  tiny,  wingles  hoppers,  which  begin  to  feed  on  vege¬ 
tation  of  all  kinds.  The  young  hoppers  of  gregarious 
phase  are  black  (figs.  5  and  6) .  As  they  grow,  they  shed 
their  skin  once  every  3-5  days,  in,  order  to  enable  their 
bodies  to  attain  a  progressively  bigger  size.  At  an  advanc¬ 
ed  stage  of  growth,  this  period  may  be  about  a  week.  A 
locust  hopper  generally  undergoes  five  successive  moults, 
before  it  acquires  wings  and  becomes  an  adiilt.  The 
hopper  stage  lasts  for  about  4  weeks  in  summer  and  6 
weeks  in  spring.  As  the  hoppers  moult,  they  generally 
undergo  a  gradual  change  in  their  colouration,  and  the 
later  stages  usually  exhibit  vivid  patterns  of  black  and 


PAGE  EIGHT 


PLATE  111 


Fiq.  1.  Adult  Solitary  Phase  — Female 

f.  '2.  Kcr£r.layinsT 

i>  3.  Egg. cluster  (macnified) 

•  •  4.  Egg  (magnified) 

,  5.  Hopper— Gregarious  phase 


Fro.  6.  Hopper— Solitary  phase. 

”  I‘  "P  Hopper— Gregarioua 
’’  e  rlT"  "P  Hopper— Solitary  ph 
..  Adult— Gregarious  phase 
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Hoppers  moving  out  of  bushes  after  resting. 


yellow  (figs.  7  and  8).  The  young  adults  are  bright  pink 
in  colour  but  when  sexually  mature  they  turn  bright 
yellow  (figs.  I  and  g)-  The  pink  locusts  are  very  active 
and  are  likely  to  cause  a  great  deal  of  damage  to  crops, 
while  the  yellow  swarms,  though  not  so  destructive,  are 
potentially  more  dangerous  as  they  would  lay  eggs  before 
long.  The  young  hoppers,  when  they  hatch  out  in  large 
numbers,  gradually  unite  into  bands  which  being  to  march 
from  place  to  place,  eating  up  all  the  vegetation  along  their 
path.  Locust  swarms  and  hopper  bands  generally  rest 
between  sunset  and  sunrise  in  bushes,  crops,  or  on  trees, 
etc.  Similarly  they  rest  when  mornings  are  cold  when 
it  is  too  hot  during  midday  in  summer  (PI.  IV). 

Anti-locust  Organisations. 

The  success  of  locust  campaign  depends  on  two 
important  factors,  namely  (i)  Anti-locust  Organization; 
and  (ii)  Efficacy  of  methods  of  locust  destruction.  The 
former  is  mostly  administrative  and  the  latter  technical. 
Both  are  equally  important.  Technical  work  includes, 
besides  measures  for  destruction,  locust  intelligence,  viz., 
collection  of  information  about  the  time  of  locust  migra¬ 
tion,  sites  of  resting,  breeding  and  development.  On  the 
basis  of  such  information  control  equipment  is  moved 

and  labour  arranged  to  carry  out  control  operations  in 
time. 
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Since  the  locust  breeds  often  far  away  from  inhabited 
tracts,  the  work  of  collection  of  information  about  their 
occurrence  as  well  as  their  actual  breeding  has  mostly  to 
be  carried  out  by  rural  authorities  and  villagers  under  the 
guidance  of  trained  technical  staff.  Generally  officers  of 
the  Revenue,  Police,  Forests,  Excise,  Railways,  etc.  work 
in  the  rural  areas.  Further,  since  for  locust  control  opera¬ 
tions  timely  recruitment  and  movement  of  labour,  transport 
of  equipment  etc.,  have  to  be  ensured,  primary  responsi¬ 
bility  for  such  work  has  to  be  of  the  Revenue  Department 
of  which  officers  are  available  even  in  villages,  viz., 
patwaris,  etc.  All  other  departments  however  are  also 
important  because  their  normal  duties  lie  in  the  rural  areas 
and  they  can  therefore  render  great  assistance  in  the  collec¬ 
tion  of  locust  information  and  in  educating  villagers  in  anti¬ 
locust  measures.  It  is -therefore  essential  that  every  State 
should  enlist  the  assistance  of  various  departments  as  an 
integral  part  of  its  Anti-locust  Organization  for  discharging 
the  duties  mentioned  above. 

As  regards  technical  work,  the  Indian  States  can  be 
divided  into  two  parts.  As  described  in  a  previous  sec¬ 
tion  of  this  brochure,  the  permanent  breeding  grounds  of 
the  locust  lie  in  the  desert  areas  of  Rajasthan  and  the 
neighbouring  parts  of  Punjab  (Hissar  district),  PEPSU, 
Saurashtra,  Bombay,  etc.  In  such  permanent  desert 
breeding  areas  in  wfiich  foreign  swarms  generally  breed 
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initially  and  multiply  and  thence  spread  to  other  States, 
the  responsibility  for  technical  work  has  to  be  of  the 
Central  Government.  The  Government  of  India  are 
maintaining  a  permanent  Locust  Warning  Organization, 
the  staff  of  which  is  posted  at  strategic  points  in  the 
permanent  breeding  areas.  This  Organization,  of  which 
the  headquarters  is  at  New  Delhi  (Directorate  of  Plant 
Protection,  Quarantine  and  Storage  of  the  Ministry  of 
Agriculture),  and  a  sub-station  at  Jodhpur  keeps  close 
watch  on  the  fluctuations  in  the  locust  population  in  the 
permanent  breeding  grounds  even  when  the  cycle  is  not 
on  and  studies  changes  in  locust  phase  from  solitary  to 
gregarious  and  vice  versa.  In  order  that  control 
measures  may  be  organised  by  the  States  concerned  as 
soon  as  there  are  signs  of  increase  in  locust  activity,  this 
organization  issues  reports  regularly  containing  suitable 
warnings.  The  Director,  Locust  Control,  at  New  Delhi, 
has  also  to  keep  a  close  watch  on  locust  situation  in  other 
countries  in  the  belt,  which  as  already  explained,  extends 
upto  West  Africa.  This  is  essential  in  order  that  India 
as  a  whole  may  be  in  a  position  to  anticipate  the  appro- 
ximate  time  of  outbreak  of  a  locust  cycle  in  India  or  in 
any  other  country  in  the  belt.  When  a  cycle  breaks  out, 
similar  studies  on  a  much  intensive  scale  have  to  be  made 
in  order  to  determine  the  time  and  direction  of  swarm  in¬ 
vasion  from  foreign  countries.  Within  .  India  also,  the 
Central  Locust  Warning  Organization  has  to  intensify  its 
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surveys  and  therefore  it  is  considerably  expanded  to  cope 
with  the  increase  in  intelligence  work.  The  villagers  and 
iiiral  officers  assist  in  this  work  as  explained  above. 

As  regards  actual  destruction  work,  a  Control  Wing 
is  added  to  the  Central  Organization  for  conducting  and 
supervising  control*  operations  which  are  carped  out  in 
close  co-operation  with  officers  of  the  Revenue  and  other 

Departments  of  the  State  containing  permanent  breeding 
areas. 

In  States  which  are  without  permanent  desert  breeding 
areas  such  as  the  U.P.,  Madhya  Bharat,  etc.,  anti-locust 
work  starts  when  a  locust  cycle  actually  breaks  out. 
The  technical  authorities  (Entomologists)  of  these  States 
are  kept  informed  by  the  Director,  Locust  Control,  Gov¬ 
ernment  of  India,  of  the  changes  in  the  locust  popula¬ 
tion,  phase,  etc.  in  the  permanent  breeding  areas  in 
India  and  abroad  even  when  the  locust  is  in  the  solitary 
phase.  During  a  cycle,  the  anti-locust  work  in  a  State 
has  to  be  carried  out  by  the  rural  departments  and 
technical  department  of  the  State  concerned  on  the  same 
lines  as  is  carried  out  by  the  local  rural  officers  and  the 
Central  Anti-locust  Organization  in  the  permanent  breed¬ 
ing  areas.  The  same  arrangements  have  to  be  made  in  the 
cultivated  areas  of  Rajasthan  and  other  States  contain¬ 
ing  permanent  desert  breeding  areas.  However,  since 
locust  situation  is  inter-dependent  in  various  States  of 
India  in  the  same  way  as  locust  situation  in  the  country 
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as  a  whole  is  dependent  on  that  in  other  countries  in  the 
locust  belt,  the  entire  anti-locust  work  in  India  has  to  be 
co-ordinated  by  a  single  all-India  authority.  The  Director, 
Locust  Control  and  Plant  Protection  Adviser  to  Govern¬ 
ment  of  India,  Ministry  of  Agriculture  is  entrusted  with 
this  work. 

METHODS  OF  LOCUST  CONTROL 

The  aim  of  locust  control  operations  is  to  destroy  all 
locusts  rather  than  protect  certain  areas  of  crops. 
Control  operations  can  be  carried  out  against  the  locust 
at  all  stages  of  its  existence.  Various  methods  and  the 
techniques  of  their  application  are  described  in  detail  in 
the  Appendix  (pp.  20-32).  Here  only  brief  references 
are  given  to  the  suitable  methods  which  should  be  adopt¬ 
ed  at  various  stages  in  the  life  of  the  locust. 

Adult  Locusts  or  Swarms 

Destruction  of  swarms  is  obviously  the  most  difficult 
work  and  effective  control  of  the  pest  during  this  stage  can¬ 
not  be  expected  as  it  is  not  possible  to  kill  flying  swarms. 
Destruction  of  swarms  by  dusting  or  spraying  with 
aeroplanes  is  yet  in  the  experimental  stage.  However, 
some  success  can  be  achieved  in  reducing  swarm  inten¬ 
sity  by  the  measures  described  below  when  the  swarms 
are  resting: — ; 

fa)  When  the  swarms  are  resting  on  bare  ground  at 
night  or  in  the  early  morning  when  it  is  cool,  they  are 
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lazy  and  can  therefore  be  beaten  or  swept  up  and  destroy¬ 
ed.  If  they  are  resting  on  bushes  or  hedges,  especially  on 
waste  land,  they  can  be  burnt  (Method  I).  If  found  on 
valuable  trees,  they  can  be  shaken  down  and  destroyed  or 
dusted  with  a  suitable  poison  (Method  IV). 

(b)  When  the  locusts  have  settled  on  crops  etc.,  they 
can  often  be  easily  disturbed  so  as  to  fly  to  waste  lands, 
but  if  not  they  can  be  dealt  with  by  the  use  of  insecticidal 
baits  (Method  V). 

(c)  Locusts  usually  pair  on  fallow  or  waste  land  or 
sandy  soil  where  they  lay  eggs.  During  pairing,  they 
can  be  easily  destroyed  by  crushing  or  burning.  When 
actually  laying  eggs,  the  females  are  still  more  easily 
destroyed  by  crushing. 

The  above  methods  will  progressively  reduce  the  size 
of  the  swarms  before  they  lay  eggs  in  an  infested  tract. 

Destruction  of  Eggs 

Location  of  breeding  grounds— soundest, 
cheapest  and  most  effective  method  of  control  would  be 
to  prevent  a  new  generation  from  hatching  or  from  leaving 
the  breeding  ground  after  hatching,  by  the  destruction  of 
eggs  or  young  hoppers  respectively.  Hence  one  of  the 
main  objects  should  be  to  immediately  locate  the  areas 
where  eggs  have  been  laid  with  a  view  to  organising 
measures  of  destruction-  in  time.  Arrangements  should  be 
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made  to  have  complete  information  about  rainfall  as  soon 
as  it  occurs  in  any  area  which  is  infested  by  swarms.  All 
breeding  grounds  should  be  looked  for,  located  and  notified 
to  the  locust  officer  with  the  least  possible  delay,  even  if 
some  of  the  egg-laying  locusts  have  been  destroyed.  Ade¬ 
quate  rewards  should  be  offered  for  such  information, 
especially  regarding  breeding  grounds  in  uncultivated 
areas.  A  scale  of  rewards,  graduated  according  to  distance 
from  habitation,  should  be  prepared  and  broadly 
advertized. 

Ring  trenching  of  egg-laid  areas, — When  a  breeding 
ground  is  located,  the  first  step  is  to  trench  it  round  so 
as  to  entrap  the  young  hoppers  as  they  move  out  after 
hatching.  The  actual  method  of  trenching  will  depend 
on  the  nature  of  the  soil  (Method  II).  Generally, 
trenching  is  the  simplest  and  cheapest  method  of  control. 
It  is  important  that  the  work  should  be  thoroughly  done, 
hence  payment  for  supervision  and  any  essential  labour 
would  be  fully  justified.  It  is  important  that  breeding 
grounds  in  remote  places  or  on  difficult  soil  should  not 
be  neglected. 

In  the  case  of  a  breeding  ground  where  for  any 
reason,  it  is  not  possible  to  ring-trench,  actual  destruc¬ 
tion  of  eggs  on  an  organised  system  should  be  carried 
out  if  possible.  Ploughing  or  flooding  are  often  imprac¬ 
ticable  and  of  limited  use.  The  digging  out  and  the 
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destruction  of  the  egg  masses  is  effective,  but  unfortu- 
nately  a  large  number  of  eggs  always  escape  destruction 
and  in  due  course  hoppers  hatch  out.  It  will,  therefore, 
be  useful  and  economical  that  egg-laid  areas  are  only 
marked  and  during  the  period  of  their  incubation,  full 
preparations  are  made  for  the  destruction  of  hoppers  as 
soon  as  they  hatch  and  move  out. 

Cultivated  plots  within  a  ringed  breeding  ground. — 
When  a  ringed  area  includes  crops  and  other  vegetation, 
■♦^here  are  two  problems :  (a)  To  ensure  that  hoppers  do 
not  find  sufficient  food  within  the  ringed  area  to  enable 
them  to  feed  and  grow  and  eventually  develop  as  fliers,  and 
(b)  To  protect  the  crops. 

The  first  danger  can  largely  be  met  by  subsidiary 
ring-trenching.'  Crops  can  be  protected  by  •  individual 
trenches  surrounding  the  fields.  This  should  be  done 
under  proper  supervision. 

Destruction  of  Hoppers 

The  duration  of  hopper  stage  varies  but  may  be  put 
at  four  to  six  weeks  according  to  the  food  supply  and 
climatic  conditions/  During  autumn  and  winter,  the 
period  may  be  much  longer.  Hopper  stage  is  the  most 
vulnerable  in  the  life-history  of  the.  locust.  Control 
measures  are  far  more  effective  and  much  easier  against 
young  hoppers  before  the-  second  moult  than  subse¬ 
quently. 
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PLATE  V 
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Hoppers  fallin?  into  a  trench  which  is  reinJorced  with  metal  sheets  at  the  rims  to  prevent  their  escape. 

The  side  barriers  prevent  their  leaving  the  route  to  the  trench. 
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Methods  for  destruction  of  hoppers  may  be  either 
chemical  or  mechanical. 

Mechanical  methods— The  principal  mechanical 
method  of  dealing  with  hoppers  is  to  dig  trenches  in  front 
of  the  moving  bands  into  which  they  are  driven  and  buried 
alive  (Method  II).  The  efficacy  of  trenching  is  greatly 
increased  by  reinforcing  the  rim  of  the  trench  with  metal 
strips  to  prevent  the  hoppers  climbing  out  and  by  the  use 
of  side  screens  or  tin  sheet  barriers  which  guide  the  bands 
into  the  trench  and  prevent  them  breaking  away  before 
their  fall  (Plate  V).  Where  it  is  found  in  practice  that 
plain  trenches  do  not  retain  the  hoppers,  a  six  inch  strip 
of  skiny-surfaced  oil  cloth  can  be  affixed  to  the  walls  of  the 
trench,  but  this  makes  the  operation  very  expensive  and 
laborious. 

Pools  and  ditches  containing  water,  and  old  kacha 
wells  may  be  utilized  (where  available)  in  lieu  of  trenches. 
A  thin  layer  of  kerosene  oil  is  usually  required  to  kill 
hoppers  driven  into  the  water. 

Chemical  methods. — (a)  Spraying  with  contact  insecti¬ 
cides.  Many  satisfactory,  though  expensive,  contact  insec¬ 
ticides  are  known,  but  their  use  on  a  wide  scale  in  India  is 
not  at  present  practicable.  For  their  use  in  special  circum¬ 
stances  see  Method  III. 

(b)  Dusting  with  poisons  such  as  B.H.C.  This  is  a 
recent  method  and  several  good  synthetic  insecticides 
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have  been  developed  for  use  against  locusts,  grass¬ 
hoppers,  etc.  (Method  IV). 

(c)  Use  of  poison  baits. — Poison  baiting  should  not  be 
adopted  when  the  hoppers  are  in  moulting  stage  because 
they  do  not  eat  anything  at  that  time. 

Of  the  various  poisons  for  baits,  sodium  flousilicate 
the  most  useful  under  Indian  conditions  has  so  far  proved 
to  be.  It  is  poisonous  to  locusts  but  has  been  shown  by 
actual  experiments  in  India  and  some  other  countries  to 
be  innocuous  to  domestic  animals — even  in  far  larger 
doses  than  could  possibly  be  taken  by  a  grazing  animal. 
Sodium  arsenite  is  well  known  to  be  a  virulent  poison  and 
has  been  used  for  several  years  in  Arabia,  Africa,  etc. 
It  gives  higher  mortality  of  locusts  than  sodium  flousili- 
cate,  but  it  is  not  recommended  for  use  in  India  as  it  is 
deadly  to  man  and  domestic  animals  also.  As  regards 
baiting  material  or  carrier,  locusts  greedily  eat  certain 
materials  such  as  moist  bran,  bajri  flour,  rice  husk 
iphak),  etc.  The  poison  should  be  about  3  per  cent,  of 
the  baiting  material  by  weight.  Details  of  preparation 
are  given  under  Method  V.  The  poison  bait  should  not 
be  widely  distributed  without  cautioning  the  workers,  as 
it  can  be  mistaken  for  a  harmless  substance,  being  pre¬ 
dominantly  bran  or  bajri.  It  is  recommended,  therefore 
that  its  issue  and  use  should  be  under  the  supervision  of 

responsible  officials. 
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In  recent  years  B.H.C.  and  some  other  powerful 
synthetic  insecticides  have  been  used  in  the  form  of  baits. 
Their  use  is  yet  in  experimental  stage  in  India. 

Other  Control  Measures 

Biological  methods—SomQ  birds  eat  locusts,  e.g„ 
‘mynahs’  and  ‘tiliar’  (starlings).  They  should  be  protected. 
Other  biological  enemies  of  locusts,  such  as  bacterial  and 
fungal  diseases  do  not  so  far  offer  any  practical  solution 
of  the  locust  problem. 
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APPENDIX 

Description  of  various  Control  Methods  • 

Method  i — Burning 

Adult  locusts  and  hoppers  densely  congregated  at 
night  or  in  cool  hours  of  the  morning  on  dry  herbage, 
bushes,  hedges,  etc.,  can  be  easily  burnt.  If  the  bushes, 
etc.,  are  not  sufficiently  dry  to  catch  fire  readily,  use 
mineral  oil  to  facilitate  the  operation.  This  method  is 
advisable  only  on  cold  nights. 

Use  of  Flame-throwers. — ^Where  trained  staff  equip¬ 
ped  with  flame-throwers  is  available,  this  apparatus 
should  be  used  to  destroy  locusts  which  have  settled  on 
green  bushes,  hedges  and  trees  which  cannot  be  set  fire 
to.  Flame-throwers  should  be  operated  in  early  morn¬ 
ings  only  and  not  during  the  night.  A  flame-thrower  (PI. 
VI,  figs.  I  and  2)  consists  of  a  pressure  chamber  of  the 
knapsack  sprayer  type  containing  the  fuel,  which  may 
be  a  mixture  of  crude  mineral  oil  and  kerosene  oil,  or 
crude  mineral  oil  and  petrol.  The  fuel  is  ejected  under 
pressure  through  a  flexible  metal  pipe  contained  into  a 
metal  tube  .with  a  fine  jet.  A  special  form  of  vapounzer 
is  necessary  to  ensure  the  projection  of  an  effective 
flame.  Before  use  it  should  be  carefully  seen  that  the 
apparatus  is  in  perfect  working  order,  otherwise  there 
is  fear  of  the  flame  ‘running  back’  and  injuring  the 

operator. 
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FIG.  1.  A  flame-thrower  in  use  to  destroy  resting  swarms  of  locusts  on  a  tree 
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FIG.  2 


■ 


Flame-throwers  are  useful  for  killing  adult  locusts 
settled  for  resting,  pairing  or  egg-laying.  For  hoppers 
congregated  on  bushes,  smoke  flame  guns  or  flame 
burners  are  generally  used. 

Method  II — Trenching 

(a)  Plain  Trenches 

This  method  consists  of  digging  trenches  or  pits  in 
front  of  moving  bands  of  hoppers  which  fall  into  the 
trench  and  are  buried  alive.  This  is  indigenous  method 
of  destroying  the  pest.  However,  care  has  to  be  takefi  in 
the  preparation  of  the  trench.  The  efficiency  of  plain  * 
trenches  in  preventing  hoppers  which  have  ‘  fallen  into 
them  from  getting  out  depends  upon  the  nature  of  the 
soil  and  the  care  bestowed  on  the  preparation  of  the  trench. 
In  some  soils,  plain  trenches  are  very  effective  while  in 
others  they  are  practically  useless. 

The  length,  depth  and  breadth  of  a  trench  will 
vary  according  to  the  size  of  the  band  and  stage  of 
development  of  the  hoppers.  During  the  first  and  second 
stages,  a  trench  one  foot  wide  by  one  and  a  half  feet  deep, 
with  some  pits  here  and  there  in  the  trench  (to  contain 
the  hoppers,  if  they  are  in  large  numbers),  is  adequate. 
The  width  and  depth  have  to  be  increased  successively  in 
the  later  stages,  until  in  the  fifth  stage,  a  width  of  two  and 
a  half  feet  and  a  depth'  of  two  feet  are  necessary. 
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The  cross  section  of  the  trench  should  either  be  rect¬ 
angular  or  the  trench  should  be  wider  at  the  bottom  than 
at  the  top  in  which  case  the  walls  overhang.  With  either 
form  it  is  generally  necessary  to  make  the  sides  and  ends 
of  the  trench  smootli  with  a  very  broad  khurpi.  Parti¬ 
cular  care  must  be  given  to  the  ends  of  the  trenches 
as  the  hoppers  accumulate  there  and  escape  if  any 
foothold  is  available;  therefore  deep  and  wide  pits  at  the 
ends  are  useful. 


(b)  Reinforced  Trenches 

Oil-cloth  strips. — Locust  hoppers  are  incapable  of 
climbing  up  a  verticle,  smooth  surface,  as  this  allows  no 
foothold.  The  most  satisfactory  material  so  far  em¬ 
ployed  to  reinforce  trenches  is  smooth  American  oil¬ 
cloth.  This  is  less  liable  to  damage  than  glazed  paper 
or  tracing  cloth.  Even  in  a  large  quantity,  it  is  much 
more  easily  transported  and  placed  in  position  than  metal 

strips. 

A  six  inch  strip  of  oil  cloth  greatly  reduces  the  labour 
of  trench  digging  as  the  lower  portion  of  the  trench  need 
then  only  be  roughly  dug.  The  top  six  inches  are  cut 
straight  verticle  and  fairly  smooth  and  the  oil-cloth  is 
nailed  along  this.  Hoppers  driven  into  such  a  trench  find 
escape  quite  impossible,  so  that  any  precautions  on  .the 
far  side,  of  the  trench  are  not  needed  and  the  advance 
of  the  band  is  not  checked  unnecessarily. 


PAGE  TWEXTY-TWO 


Metal  sheets— sheets  laid  on  the  ground  so  as  to 
overhang  the  sides  and  rims  of  the  trenches  also  prevent 
the  escape  of  hoppers.  The  metal  pieces  on  the  approach 
side  should  be  covered  with  earth.  (PI.  V). 

Screen  and  Barriers 

The  simple  method  of  driving  hopper  bands  into  pits 
or  trenches  using  lines  of  people  as  side  'stops’  is  effective 
only  for  small  bands.  Larger  bands  tend  to  become 
congested  and  confused,  and  frequently  either  break 
through  the  line  of  stops’  or  move  in  circles  within  the 
area  surrounded  by  the  workers.  To  avoid  these  defects, 
artificial  barriers  placed  at  an  angle,  obliquely  to  the 
direction  of  the  drive  are  employed  in  place  of  'stops’ 
(PI.  VII). 

Metal  strips  have  been  used  largely  as  barriers  outside 
India  but  are  costly  and  difficult  to  transport.  Cloth 
pieces  having  a  six  inch  border  of  oil  cloth  near  the  top, 
and  suspended  from  iron  stakes,  are  equally  efficient. 

Ihey  can  be  more  easily  placed  in  position  and  are 
readily  portable. 

The  oil-cloth  strip  is  sewn  on  to  a  length  of  material 
a  few  inches  from  the  top  and  a  continuous  length  of  stout 
string  is  sewn  along  the  top  edge  of  the  material.  The 
width  of  the  material  for  the  screens  varies  in  different 
areas.  If  the  screens  are  to  be  used  in  an  area  of  standing 
crops  or  m  areas  with  wild  vegetation,  a  width  of  42"  to 
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44'  is  needed;  this  gives  a  screen  three  feet  high  from  the 
ground  after  allowing  six  to  eight  inches  to  lie  on  the 
ground.  For  bare  country  or  low  vegetation  a  narrower 
width  of  cloth  would  be  sufficient.  The  supports  recom¬ 
mended  consist  of  half-inch  iron  bar,  sharpened  to  a  point  ’ 
at  the  bottom  and  bent  into  a  loop  at  the  top.  These 
supports  are  placed  firmly  into  the  ground  at  the  required 
distances,  and  the  screens  are  stretched  tight  and 
suspended  from  these.  It  is  important  that  the  suspending 
rods  should  be  on  the  opposite  side  of  the  screen  from  the 
advancing  hopper  band.  They  should  be  of  sufficient 
length  to  support  the  screens  at  the  required  height,  after 
at  least  six  inches  have  been  driven  into  the  ground. 

Experience  of  using  screens  under  Indian  conditions 
has  shown  that  thin  galvanized  iron  or  tin-sheet  barriers 
are  more  useful  than  cloth  barriers  mainly  because 
firstly,  -in  the  case  of  cloth  pieces  hoppers  cling  to  the 
cloth  and  there  is  therefore  hindrance  in  their  smooth 
movement  towards  the  trench  or  pit  and  secondly,  when 
breeze  is  strong,  cloth  barriers  do  not  stand  -properly. 
The  metal  used  for  barriers  is  so  thin  that  they  can  be 

rolled  like  cloth  pieces. 

Cloth  or  tin-sheet  screens  can  be  quickly  run  up  where 
required,  without  disturbing  the  advance  of  hopper 
bands  towards  the  trenches.  They  completely  dispense 
with  th;  need  for  side  'stops’  and  reduce  the  labour 
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Destraction  of  hoppers  by  driving  them  into  a  treuch  with  tin  sheet 
barriers  erected  to  prevent  escape 
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required  for  driving  the  bands  and  thus  accelerate  the 
progress  of  control  operations. 

Method  III— Spraying 

Cheap  kerosene  oil  is  deadly  to  young  locusts  if  it  is 
brought  into  contact  with  the  insect’s  skin.  It  is,  however, 
expensive  to  use  as  a  general  method  of  control  and  should 
generally  be  employed  only  to  destroy  accumulations  of 
hoppers  in  trenches  or  pits  which  may  require  to  be 
emptied  for  further  use.  Economy  in  its  use  may  be 
effected  by  mixing  kerosene  oil  with  soap  as  described 
below :  — 

Soft-soap  kerosene  emulsion. — Mix  the  oil  with  soft 
soap  with  a  wooden  paddle,  stirring  vigorously  until  no 
more  kerosene  will  go  into  the  mixture.  A  jelly-like  mass 
will  be  formed  which  can  then  be  mixed  with  water  in 
the  proportion  of  four  gallons  of  water  to  one  gallon  of 
'  kerosene  oil  used. 

Hard-soap  kerosene  emulsion. — Cut  a  bar  of  hard  soap 
into  thin  slices  and  dissolve  in  the  minimum  quantity  of 
boiling  water.  Add  kerosene  oil  and  mix,  stirring  vigor¬ 
ously  and  warming  if  necessary  and  use  as  in  the  case  of 
soft-soap  kerosene  oil  emulsion  described  above. 

Pesterine ,  which  is  a  mixture  of  oils  is  more  effective 
than  kerosene  and  is  slightly  cheaper  than  kerosene  if 
obtained  in  large  quantity.  It  is  not,  however,  available 
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without  making  special  arrangements  for  supply.  If  used, 
it  should  be  employed  in  the  same  way  as  kerosene  oil. 

Apparatus  for  spraying  kerosene  and  pesterine  or 
emulsions  of  these  should  not  have  rubber  washers  or 
other  parts  of  rubber  as  the  oil  rots'  the  rubber. 

Method  IV — Poison-dusting 

Dusting  has  the  advantage  over  spraying  of  being  inde¬ 
pendent  of  water  supply  and  when  necessary  equipment  is 
available  it  should  be  the  principle  method  for  destruction 
of  hoppers  over  extensive  areas  under  crops  or  scrub 
vegetation. 

The  synthetic  insecticide,  benzene  hexachloride 
(BHC),  has  proved  very  satisfactory  for  this  purpose. 
For  young  hoppers,  about  5  per  cent,  strength  of  crude 
BHC  is  enough  but  it  has  to  be  increased  upto  10  per 
cent,  for  hoppers  of  advanced  stage  and  freshly  fledged 
adults.  The  insecticide  should  be  dusted  preferably  in 
the  evenings  and  early  mornings  when  locusts  are  congre¬ 
gated  on  bushes  (PI.  IV).  In  India,  this  insecticide  is 
at  present  available  in  the  following  forms: 


Mark 

Strength 

Firm  from  which  available 

Gammexane  Do25. 
Gammexane  Do27. 
Gammexane  Del 20. 

Hexidol  805. 

Hexidol  810. 

Hexyclan 

Hexyclan 

r>%*l 
7%  y 

io%J 

5%\ 

10%/ 

r>%\ 

10%/ 

Imperial  Chemical  Industries  Ltd.,  Calcutta. 

GeieV  Insecticides,  Ltd.,  Neville  House, 
Nicol  Road,  Ballard  Estate,  Bombay. 

Noury  (India)  Ltd.,  20  British  India 
Street,  Calcutta. 
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FIG.  1.  Dusting  of  hoppers  and  resting  adults  on  bushes. 
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FIG-  3-  Locusts  climbing  up 


the  ears  of  bajri  crop  ani  eating  tli3  g’ain, 


-  j 


strength  of  BHC  can  be  further  diluted  in  the  field 
by  the  addition  of  fine  road  dust,  ashes,  talc,  etc. 

The  poison  DNOC  (dinitro-ortho-creosol)  has  been 
used  for  locust  destruction  in  some  countries.  This 
poison  is  very  virulent  and  has  not  yet  been  tried  on  a 
large  scale  under  Indian  conditions. 

Dusting  machines. — A  variety  of  dusting  machines  are 
available.  Small  American  machines  meant  for  ‘heavy 
duty'  are  satisfactory  (PI.  VIII,  fig.  I).  Some  Indian 
firms  have  also  recently  started  manufacturing  hand- 
operated  machines. 

» 

In  other  countries  aeroplanes  have  been  used  for 
dusting  operations  but  power-operated  dusting  machines 
are  more  economical.  The  Director,  Locust  Control, 
and  Plant  Protection  Adviser  to  Government  of  India, 
has  also  imported  a  variety  of  power  dusters. 

Method  V — Poison-Baiting 

The  chief  components  of  a  bait,  are  : — 

(i)  The  insecticide  or  poison  ; 

(ii)  The  carrier  or  the  material  into  which  the 

poison  is  mixed ; 

(iii)  Water. 

(i)  The  insecticide. — Several  poisons  can  be  used  for 
this  purpose  such  as  sodium  arsenite,  sodium  flousilicate. 
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benzene  hexachloride,  etc.  Sodium  arsenite  is  very  effica¬ 
cious  but  being  a  very  virulent  poison  it  is  too  dangerous 
to  be  used  under  Indian  conditions.  Benzene  hexachloride 
has  proved  very  useful  in  some-  other  countries  but 

has  not  yet  been  tested  on  a  large  scale  in  India.  Sodium 

1 

flousilicate  is  only  slightly  less  ethcacious  than  sodium 
arsenite  but  is  not  poisonous  to  animals  in  the  quantities 
used  for  baiting  purposes.  It  is  harmful  if  a  tola 
(o;4  oz.)  or  more  is  taken.  It  should,  therefore,  be 
treated  with  the  same  care  as  if  it  were  a  strong  poison. 

(ii)  The  carrier. — The  most  suitable  material  to  use  as 
carrier  is  wheat  bran,  or  rice  bran,  preferably  the 
former.  Other  substances  which,  may  be  used  are  hajri 
flour,  cotton-seed  meal,  saw  dust,  horse  dung,  flour-mill 
sweepings,  rice  husk,  etc.  The  purpose  of  the  carrier  is 
to  provide  a  material  into  which  the  insecticide  can  be 
readily  mixed  so  that  it  can  easily  be  scattered  very 
thinly  over  the  infested  ground.  •  The  baits  must  he  used 

moist  hut  not  wet.  ..j. 

Method  of  preparation— Tdke  materials  m  the  following 
proportions :  — 

83  seors. 

Bran  or  any  other  c.arrior*  .••••'■  \  goer. 

Sodium  flousilicato  .•••’’*  as  required. 

Water  .••••■’* 

The  carrier  and  the  poison  should  be  mixed  in  Ihe  dry 

slate,' either  by  hand  on  a  clean  floor  or  by  » 

rotating  box  into  which  the  ingredients  are  placed  and  the 
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box  rotated  until  they  get  thoroughly  mixed.  More  water 
is  added  until  the  bait  becomes  moist  but  not  so  wet  as  to 
become  sticky,  forming  lumps. 

It  is  recommended  that  poison  baits  should  be  issued 
already  prepared  at  outposts  by  responsible  officers.  It 
is  essential  that  the  bait  should  he  moist  at  the  time  of 
use  and  it  is  therefore  suggested  that  kerosene  oil  tins 
should  be  utilized  for  their  storage  and  distribution. 

Method  of  scattering  Scatter  the  bait  very 

thinly  and  as  evenly  as  possible.  It  can  be  broadcast  by 
hand  without  any  special  apparatus.  Bhistis  mashaks 
can  be  used  for  the  purpose  and  also  old  grain  sacks.  In 
some  countries,  special  bait  distributors  are  used. 

Use  of  baits  against  fliers— flying  swarms  have 
descended  to  feed,  the  bait  should  be  scattered  all  over 
the  area  with  as  little  disturbance  of  the  swarms  as  possible. 
Early  morning  is  the  best  time  to  scatter  bait  as  it  retains 
its  moisture  at  that  time  and  therefore  proves  most  effec¬ 
tive.  From  ten  to  twenty  five  seers  of  bait  should  be 
scattered  per  acre  according  to  the  density  of  the  swarm. 

Use  of  baits  against  hoppers. — Against  hopper  bands, 
the  bait  should  be  scattered  in  the  early  morning  over  the 
band  and  also  on  a  belt  in  advance  of  the  line  of  move¬ 
ment  of  hoppers.  The  width  of  the  belt  will  depend 
upon  the  size  of  the  band  as  it  is  necessary  that  there 
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should  be  room  for  each  hopper  to  feed  on  the  bait.  The 
best  time  for  baiting  hoppers  is  when  they  are  congregated 
into  bushes  in  early  mornings.  The  bait  is  thrown  in  the 
bush  on  the  previous  night  or  very  early  in  the  morning 
before  sunrise.  Some  bait  should  be  spread  round  the 

bush  also  so  that  hop'pers  which  leave  the  bush  would 
eat  it  and  die. 

Summary  of  Recommended  Control  Methods 

I.  Control  of  flying  locusts. 

{a)  By  night: 

(1)  Beat  them  or  sweep  them  up  on  bare  ground. 

(2)  Burn  them  when  collected  on  bushes  in  waste 

land. 

(3)  Use  flame-throwers  or  shake  them  down  from 

valuable  trees  and  destroy  them, 

(6)  By  day: 

(1)  Disturb  or  drive  them  away  from  crops. 

(2)  Destroy  the  pairing  locusts  by  crushing  or 

burning.  Egg-laying  locusts  can  be  des¬ 
troyed  even  more  easily  by  crushing. 

II.  Destruction  of  eggs  and  freshly  hatched  hoppers. 

(i)  Locate' the  breeding  grounds.  Promptly  ring- 
trench  or  ring-fence  the  egg-laid  area 
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(2)  If  *  ing-trenching  is  not  possible,  flooding  may  be 

tried  if  facilities  are  available. 

(3)  Digging  out  of  the  eggs  and  destroying  them  can 

also  be  attempted,  but  unless  it  is  thoroughly  done  it  is 

not  so  effective  as  ring-trenching. 

(4)  Crops  within  the  ringed  area  should  be  protected 

by  subsidiary  ring-trenches. 

III.  Destruction  of  hoppers. 

(a)  Chemical  methods : 

(1)  Spraying  with  contact  insecticides  is  satisfac¬ 

tory  but  too  expensive.  In  desert  areas 
spraying  is  impracticable  on  account  of 
water  scarcity. 

(2)  Poison-baits  may  be  broadcast  in  the  infested 

fields  or  spread  in  front  of  moving  bands 
or  thrown  in  hopper  infisted  bushes  in  early 
mornings. 

(3)  Dusting  of  hopper  bands  with  suitable  insecti¬ 

cides  is  very  useful. 

(b)  Mechanical  methods: 

(1)  Hoppers  can  be  driven  into  trenches  and  des¬ 

troyed.  When  plain  trenches  are  not 
effective,  the  sides  should  be  suitably  rein¬ 
forced.  Use  of  side  barriers  increases  the 
efficiency  of  trenches. 

(2)  Burning  of  hopper-infested  wild  bushes  in 

early  mornings  can  be  adopted  easily. 

( 
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(c)  Biological  methods :  Birds  attacking  locusts  and 
hoppers  such  as  ''mynahs''  and  "tiliars"  (starling)  should 
l)e  protected.' 
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